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382 T.M. Shafey et al.It is concluded that exposing meat-type breeder eggs to MF of 18 Gauss (1.8 mT) at 50 Hz for up
to 75 min did not inﬂuence hatchability traits and chick weight at hatch. However, MF exposure of
eggs for 60 and 75 min reduced body weight gain and feed intake of chickens over the 39-d exper-
imental period.
ª 2011 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
Living organisms are exposed to magnetic ﬁelds (MFs) from
various sources. The strength of geomagnetic ﬁeld varies on
the surface of the earth between 0.035 and 0.070 mT. Man-
made MFs are generated wherever electricity is used. Such
ﬁelds are used in magnetic resonance imaging techniques. Re-
cent technological innovations have led to the use of MFs up
to 100 000 times (9400 mT) stronger than the earth’s MF
(WHO, 2006). The possibility that electromagnetic ﬁeld
(EMF) might inﬂuence the biological processes has been inves-
tigated for many years (Phillips et al., 1992; Liburdy et al.,
1993; Schenck, 1998; Kaszuba et al., 2005; Pourlis, 2009).
EMF exposure may have beneﬁcial effects on the nervous sys-
tem (Kaszuba et al., 2005), increasing blood ﬂow and wound
healing (Cameron, 1961; Goldin et al., 1981; Gessi et al.,
2000), improving immune system (Mevissen et al., 1998; Simko
and Mattsson, 2004), and reducing coccidial lesions (Elmusha-
raf et al., 2007).
The EMF treatment would also appear to have some effects
in poultry welfare and economic implications. There have been
several studies on the effects of exposure to MFs and several of
these have given rise to controversies over the past decades.
Exposing chicken embryos to MF (1 uT, 500 uT, and 1 mT
(0.01, 5, and 10 Gauss) for 15 or 21 days (Roda-Murillo
et al., 2005), and 1.33 to 7.32 mT (13.3 to 73.2 Gauss), for
4 days (Lahijani et al., 2007) at 50 Hz reduced body weight
of embryos. Hatchability of eggs was increased when eggs were
exposed to MF during storage prior to setting (Veterany and
Hluchy, 2001; Veterany and Jedlicka, 2001) and decreased
when eggs were exposed to MF during incubation (Toman
et al., 2002). Keirs et al. (2005) found that the application of
EMF for 6 years in commercial egg-layers ﬂocks improved
egg production and reduced mortality rate by 1.33% and
47.6%, respectively. Also Krueger et al. (1975) reported that
exposing laying hens to different EMF programs of VHF,
UHF, electric ﬁeld and MF did not affect the hatchability of
eggs.
There is very little information in the literature regarding
the possible effects of short term exposure of MF on the per-
formance of chickens. The objectives of this study were to
examine the effects of short term exposure of meat-type bree-
der eggs to MF before incubation on the hatchability traits,
and chick weight at hatch, and post-hatch performance of
chickens.
2. Materials and methods
A total of 360 freshly laid eggs produced by a meat-type bree-
der ﬂock (Ross, Al-Wady Company, Al-Riyadh, Saudi
Arabia), at 38-week of age were used. Eggs were numbered,
weighed individually, assigned to weight classes, and evenly
distributed into 30 replicates of 12 eggs each. Five replicates
were randomly assigned to each of the six experimental treat-ments. The treatments were non-exposed control (MF0) or ex-
posed to MF of 18 Gauss (1.8 mT) at 50 Hz for 15, 30, 45, 60
and 75 min (MF15, MF30, MF45, MF60, and MF75, respec-
tively) before incubation.
At the end of the incubation period of 21 d, as is practised
in the industry, a total of 24 chicks from each of the six exper-
imental treatments were assigned to four replicates of six birds
each. The birds were housed in electrically heated battery cages
and offered a commercial starter diet (21% protein and 3100
metabolizable energy (ME) kcal/kg, Arasco, Riyadh, Saudi
Arabia) to 21 d, followed by a commercial ﬁnisher diet (19%
protein and 3200 ME kcal/kg, Arasco, Riyadh, Saudi Arabia)
until the termination of the experiment at 39 d of age. Feed
and fresh water were available ad libitum at all times. Measure-
ments were made of per cent hatchability and hatchability fail-
ures (pips with live embryos, pips with dead embryos, and
dead embryos), chick weight at hatch expressed on the basis
of absolute value (g) or as a per cent of egg weight (%), and
post-hatch performance of chickens (body weight gain, feed
consumption, and feed conversion ratio (FCR)).
2.1. MF
A homogenous MF was generated by four solenoids of 270
turns each of electrically insulated copper coil of 2.2 mm diam-
eter, wound around a parallel double walled cylindrical cham-
ber from copper 2 mm thick and internal and external
diameter of 45 and 55 cm, respectively (Fig. 1). The four coils
are connected in parallel to minimize the total impedance of
the wire and to get a homogeneous MF within the chamber
volume. The coils are connected to a variac fed from the main
power outlet (220 Vpp and 50 Hz). The strength of MF was
controlled and varied by the variac. The MF inside the cham-
ber is measured at different locations in order to ﬁnd out the
most homogenous zone inside the chamber for egg exposure
(Fig. 1). A hand-held Gauss/Tesla Meter Model 4048, with
probe T-4048-001 (USA) of accuracy ±0.2% is used to cali-
brate the MF. The space between the double walled cylindrical
chamber was sealed with an inlet and outlet to permit water
ﬂow between the two cylinders in order to keep the tempera-
ture of the chamber constant during the exposure period.
The temperature of the ﬂowing cooling water at the outlet of
the jacket and the temperature inside the irradiation chamber
were constantly measured through the use of thermocouple
thermometer, which can give reading for the temperature vari-
ations within ±0.1 C. There was no difference in temperature
between the room and the chamber.
2.2. Incubation of eggs
Eggs were set in a Maino, force-draft incubator (Model II,
Maino Enrico, Co., Rome, Italy) and incubated at 99.5 F
(37.5 C) and 55% relative humidity. Eggs were transferred
to separate compartments in the hatching tray on d 19 of
Water outlet
                                                                                                                 Water inlet   
oling system)   
Egg tray
Coils 
                                                                                                                            (Co
          ---------  45 cm  ---------
      -----------  55 cm  ------------- 
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Figure 1 Magnetic ﬁeld.
Table 1 Mean per cent of hatchability and hatchability failures of eggs from meat-type breeder birds exposed to magnetic ﬁeld (MF)
of 18 Gauss (1.8 mT) for up to 75 min before incubation.a
MFb Hatch of fertile eggs
(%)
Early embryo deaths
(%)
Late embryo deaths
(%)
Pipped with live embryos
(%)
Pipped with dead embryos
(%)
MF0 93.46 ± 1.64 00.00 ± 00.00 4.87 ± 1.99 00.00 ± 00.00 1.67 ± 1.67
MF15 94.17 ± 3.63 00.00 ± 00.00 5.83 ± 3.63 00.00 ± 00.00 00.00 ± 00.00
MF30 88.33 ± 2.04 00.00 ± 00.00 11.67 ± 2.67 00.00 ± 00.00 00.00 ± 00.00
MF45 89.85 ± 3.10 00.00 ± 00.00 3.48 ± 2.14 3.33 ± 3.33 3.33 ± 3.33
MF60 89.39 ± 2.03 2.08 ± 2.08 6.44 ± 2.15 2.08 ± 2.08 00.00 ± 0.00
MF75 91.67 ± 3.40 00.00 ± 0.00 8.33 ± 3.40 00.00 ± 0.00 00.00 ± 0.00
Probability NS NS NS NS NS
NS, Not signiﬁcant (P> 0.05).
There was no signiﬁcant difference in the percentage of fertile eggs (mean ± SE) among treatments (95.38 ± 1.88, 98.46 ± 1.54, 97.33 ± 1.67,
96.67 ± 2.04, 97.92 ± 2.08, and 100.00 ± 00.00 for MF0, MF15, MF30, MF45, MF60 and MF75, respectively.
a Values are means ± SE.
b MF0, MF15, MF30, MF45, MF60, and MF75 = Eggs were exposed to MF for 0, 15, 30, 45, 60, and 75 min, respectively.
Table 2 Egg weight and chick hatching weight express on an absolute and per cent basis (chick hatching weight · 100/egg weight) of
meat-type breeder eggs exposed to magnetic ﬁeld (MF) of 18 Gauss (1.8 mT) for up to 75 min before incubation.a
MFb Egg weight (g) Chick weight (g) Chick weight (%)
MF0 63.43 ± 0.22 45.66 ± 0.18 72.01 ± 0.28
MF15 63.39 ± 0.34 46.10 ± 0.26 72.74 ± 0.29
MF30 63.48 ± 0.42 46.28 ± 0.38 72.90 ± 0.32
MF45 63.39 ± 0.34 46.22 ± 0.28 72.94 ± 0.37
MF60 63.38 ± 0.35 45.87 ± 0.22 72.42 ± 0.39
MF75 63.44 ± 0.32 46.26 ± 0.30 72.92 ± 0.36
Probability NS NS NS
NS, Not signiﬁcant (P> 0.05).
a Values are means ± SEM.
b MF0, MF15, MF30, MF45, MF60, and MF75 = Eggs were exposed to MF for 0, 15, 30, 45, 60, and 75 min, respectively.
Magntic ﬁeld and performance of chickens 383incubation, for chick identiﬁcation at hatch. The hatching tray
was divided into individual hatching compartments using thin
sheets of wire mesh. Eggs were examined by candling at d 6
and d 14 of incubation and infertile eggs and eggs containing
dead embryos were removed. Early dead embryos werecounted from d 1 to d 14 of incubation. The hatching compart-
ment was set at 98.6 F (37 C) and 65% relative humidity un-
til the end of d 21 of incubation, at which time chicks, pips
(unhatched eggs with live or dead chicks) and late dead em-
bryos (unhatched eggs with unbroken shell) were counted.
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384 T.M. Shafey et al.Late dead embryos were counted from d 14 to the end of d 21,
when incubation ended. Per cent hatchability was calculated
on the basis of the number of hatched chicks as a percentage
of the number of fertile eggs per treatment. Chicks were re-
moved and hatching weight was recorded to the nearest 0.1 g.
Data on hatchability traits, chick weight at hatch and post
hatch performance of chickens were subjected to a one-way
ANOVA. All per cent data were transformed using arc sine
square root percentage transformation before analysis. When
signiﬁcant variance ratios were detected, differences between
treatment means were tested using the least signiﬁcant differ-
ence (LSD) procedure. Statements of signiﬁcance are based
on P< 0.05. All statistical analysis was performed using the
Statistical Analysis System (SAS Institute 1985).
3. Results and discussion
The effects of exposing meat-type breeder eggs to MF of 18 G
(1.8 mT) at 50 Hz for up to 75 min before incubation on the
hatchability traits, chick weight at hatch, and post-hatch per-
formance of chickens are shown in Tables 1–3, respectively.
Results from this experiment indicated that MF exposure of
eggs did not signiﬁcantly inﬂuence per cents of hatchability
and hatchability failures of eggs (Table 1), and chick weight
at hatch (Table 2). Results from the hatchability of eggs were
not in agreement with Veterany and Hluchy (2001) and Toman
et al. (2002) who reported an increase in hatchability of eggs
subjected to MF of 0.07 T (700 Gauss) during storage for
20–40 min. Whilst, exposing eggs to MF of 0.04 T (400 Gauss)
daily for 10 s during incubation reduced hatchability (Veterany
and Jedlicka, 2001). Similarly, Mevissen et al. (1994) reported
an increase in fetal loss during 30 mT (300 Gauss) of MF expo-
sure of pregnant rats for 19 days. Whilst, exposing laying hens
to different programs of EMF (VHF at 260 MHz, UHF at
915 MHz, UHF at 2.435 GHz, ELF electric ﬁeld of 1600 v/m
at 60 Hz, or MF of 1.4G (0.14 mT) at 60 Hz) did not inﬂuence
the hatchability of eggs (Krueger et al., 1975).
Results obtained on the chick weight at hatch were in agree-
ment with Veicsteinas et al. (1996) who found that the expo-
sure of chicken embryos to an intermittent 200 lT (2 Gauss)
MF at 50 Hz did not inﬂuence hatching weight of chickens.
In contrast, a reduction in chick weight at hatch was reported
by Veterany and Jedlicka (2001) when eggs were exposed to
MF of 0.04 T (400 Gauss) daily for 10 s during incubation,
and Toman et al. (2002) when eggs were exposed to 0.07 T
(700 Gauss) during storage for 20 to 40 min. Also, Roda-
Murillo et al. (2005) reported that exposing chicken embryos
to MF of 1 uT, 500 uT, and 1 mT (0.01, 5, and 10 Gauss) at
50 Hz for 15 or 21 d reduced embryo weight at 15 or 21 d.
Whilst, Piera et al. (1992) reported that continuous EMF of
361 Gs/cm2 increased embryos weight at 15-d of age.
Exposing meat-type breeder eggs to MF (18 Gauss
(1.8 mT)) at 50 Hz for 60 and 75 min signiﬁcantly (P< 0.05)
reduced body weight gain during the period from 22 to 39,
and 1 to 39 d of age when compared with those of other treat-
ments, and feed intake during 1 to 39 d of age when compared
with those of the non-exposed eggs (MF0). FCR of chickens of
MF60 was signiﬁcantly (P< 0.05) higher than those of MF0,
MF15, and MF30 during the period of 22 to 39, and 1 to 39 d
of age (Table 3). The reduction in body weight gain of MF60
and MF75 chickens can be attributed to the lower feed intake.
Magntic ﬁeld and performance of chickens 385This suggestion is supported by the ﬁnding of Tsuji et al.
(1996) who reported that exposure of mice to MF of 5T for
24 or 48 h reduced weight gain, and feed intake and water con-
sumption. In dairy cows, Burchard et al. (2003) found that
EMF exposure of 10 kV/m electric ﬁeld and 30 lT (0.3 Gauss)
MF for 28-d periods in reversal trials reduced dry matter in-
take, milk production, and milk fat when compared with those
of the non-exposed cows. The effects of MF of 20 mT
(200 Gauss) at 50 Hz on postnatal development of prenatally
exposed CD1 mice were studied by Sienkiewicz et al. (1994)
who found that the exposed males were signiﬁcantly lighter
in weight at 30 days of age, but not in females, when compared
with their non-exposed counterparts. In contrast, Veicsteinas
et al. (1996) found that body weight gain of chickens hatched
from eggs exposed to MF (2 h on/22 h off) of 200 lT (2 Gauss)
at 50 Hz was not signiﬁcantly different from those hatched
from the non-exposed eggs at 90-d of age. Also, Carnes and
Magin (1996) found that the exposure of pregnant mice to
4.7 T (47000 Gauss, magnetic resonance imaging) for 8 h on
d 9 and/or d 12 of gestation did not inﬂuence body weight
of adult animals at 50 days of age that were exposed in utero.
It appears that there are many factors that inﬂuence the ef-
fects of EMF on the performance of chicken embryos and con-
sequently hatchability and chick weight at hatch. These include
the type of EMF, intensity of EMF and duration of exposure.
Results from studies on chickens and other animals are incon-
sistent probably due to differences in the exposure conditions,
strain differences, sensitivity of animals and parameters stud-
ied. However, EMFs penetrate the animal body and act on
all organs, altering the cell membrane potential and the distri-
bution of ions and dipoles. These alterations may inﬂuence
biochemical processes in various metabolic ways (Stoklosowa,
1982; Joshi et al., 1987; Kubinyi et al., 1998; Forgacs et al.,
1998).
It is concluded MF exposure of meat-type breeder eggs to
18 G (1.8 mT) at 50 Hz for up to 75 min did not inﬂuence per-
centages of hatchability and hatchability failures of eggs and
chick weight at hatch. MF of 18 G exposure of eggs for 60
and 75 min reduced body weight gain and feed intake of meat
chickens during the 39-d experimental period.Acknowledgements
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